0.98 for NDF, 0.96 for acid detergent fiber (ADF), 0.96 for lignin, 0.95 for in vitro dry matter disappearance, and 0.88 for dry matter digestibility determined in vivo.
The percentages of soluble N in most forages exist in relatively minute quantities. The feasibility of using IR instrumentation to estimate soluble N in forages has not been studied to date. The application of IR in predicting fibrous fractions in crested wheatgrass Agropyron cristatum (L.) Gaertn., A. desertorum (Fisch. ex Link) et al. also is untested. The objectives of this study were: (I) to determine the correlation between IR predicted values and chemical determinations of total N, soluble N, and fibrous fractions (NDF, ADF, and ADL) in crested wheatgrass; and (2) to estimate the amount of genetic variability in a crested wheatgrass breeding population for chemical and physical entities measured under objective 1.
Materials and Methods

Field Plots and Sample Preparation
Seven clonal lines from each of six sources of crested wheatgrass (1) A. Sibiricum (Willd.) Beauv.; (2) A. cristatum var. 'Fairway'; (3) A. cristatum, induced tetraploid (128); (4) A. cristatum, collected from Iran by D.R. Dewey (Dewey and Asay, 1975) ; (5) A. desertorum; and (6) the A. cristatum (128)X A. desertorum hybrid we included in the study. The field design was a randomized complete block with two replications. Individual plots consisted of two plants which were established from vegetative propagules on 0.5 X 0.9 m spacings on April 6, 1977.
The soil was a member of the fine-silty, mesic family of calcic argiherolls. Annual precipitation was 380-430 mm (15-17 in.) . In September 1978, 56 kg/ ha of N fertilizer was applied. The forage was harvested July 3 and 5, 1979, and air dired in a greenhouse at about 38O C. Samples for analyses consisted of a composite of the two plants in a plot. After drying, the samples were ground first in a Wiley mill' (l-mm screen), then in a cyclone mill, and stored in plastic bags. Duplicate chemica! determinations were subsequently made on each sample.
Chemical Analysis of Soluble N
A modified method of the Crooker et al. (1978) procedure was used for soluble N analysis. A 2.5 g sample containing about 50 mg of nitrogen and 100 ml of solvent preheated to 400 C was poured into a 250 ml screw cap polycarbonate Erlenmeyer flask (Corning No. 25600) and the flask was placed in an electric shaker (Eberbach, Ann Arbor, Mich.). After 2-hours incubation in a constanttemperature mechanical shaker at 400 C, the sample-solvent suspension was filtered through filter paper (Van Walters & Rogers, White, Crepe 11 cm), placed in a Fisher Filtrator funnel (Coors, U.S.A.) with a water aspirator system. fifty ml of the filtered extraction was put in a 50-ml plastic centrifuge tube and centrifuged at 1400 X g for 15 minutes. The 50 ml of filtrate was decanted into a Kjeldahl flask for macro-Kjeldahl determination for total soluble N.
Na Cl Solution (J=O. 15)
Sodium chloride solution with an ionic strength (j) of Oil 5 (0.15 N) was made by dissolving 87.66 g NaCl in 10 liters of distilled water. The final pH of the solution was 6.3
10% But-rough Mineral Mixture Solution (5~2.11)
Burroughs mineral mixture (BMM) was formulated from 12 mineral salts according to Burroughs (1950) .
Salts go into solution easier if added in the specific order described by Crooker et al. (1978) . After the addition of CaCb.2Hs0, C& was introduced by putting dry ice in the solution, until it became clear. If necessary, (NH&SOI can be replaced by NasSOd on an equimolar basis (20.155 g) for modified Burroughs mineral moisture solution. When all salts were dissolved, the solvent was adjusted to pH 6.5 with 85% ortho-phosphoric acid.
Fiber Analyses
Percent neutral detergent fiber (NDF) was determined by using the procedures of Van Soest and Wine (1967) and Goering and Van Soest (1970) . Percent acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined by the method of Van Soest (1963) , in which the ADF measurement is the major preparatory step for ADL determination.
Statistical Analyses
Analyses of variance were computed as a randomized complete block with clonal lines nested within species. Species and clones within species were considered as fixed and replications as random effects. Therefore, any interpretations of the data should be limited to the crested wheatgrass populations studied herein.
Infrared Reflectance Analysis and Instrumentation
The instrument used was a Neotec 6100 prism-grating monochromator interfaced to a Digital computer (PDP-1103)'. The dry granular samples were packed in a sample holder covered with an infrared transmitting quartz window and illuminated with the monochromatic radiation that was diffusely reflected through the quartz window for about 1 minute. The reflectance curves were detected by lead-sulfide cell detectors equally spaced around the incident beam. The signal from the detectors was amplified with a logarithmic-response amplifier, digitized and fed to the digital computer. The wavelength range from I100 to 2500 nm was scanned at every 2 nm width of the reflectance curve. All reflectance readings were referenced to a ceramic standard that had been characterized by the National Bureau of Standards for reflectance in the near-infrared region. The spectral reflectance (R) curves were recorded as the second derivative of the original log (l/R) absorption curve because it has generally given the highest correlation for the relative chemical composition (Norris et al. 1976) .
The chemical analysis and spectral data were subjected to a stepwise multiple-linear regression analysis to determine to optimum wavelengths for prediction equations. The computer was programmed to predict IR values based on spectral data and subsequently to give the correlation (r) between the 2 methods of measuring the variables.
Results and Discussion
Chemical Data Nitrogenous Fractions
Significant differences were found among the crested wheatgrass species in concentrations of total N and both soluble fractions ( Tables 1 and 2 ). Total N ranged from 0.94 to 1.12%, which is equivalent to 5.88 to 7.00% total protein. The cultivar, Fairway, had the highest total N and soluble N in NaCl (N Sal) and the induced tetraploid (128), A. cristatum had the lowest total N and N Sal contents. This is not surprising as Fairway is leafier than the other entries. On the other hand, the induced tetraploid is more robust and somewhat coarser than its Fairway progenitor.
The clone within species source of variation was also significant for total N and soluble N components. From a plant breeding point of view, this is encouraging because it indicates that genetic variability is available for selection purposes. Additional data involving more environments (years, locations, and management systems) would be needed to verify this point, however.
There was a significant correlation (r=0.89**) between total N and N Sal, but a comparatively low correlation (r=0.53**) between total N and soluble N in BMM (NBMM) ( Table 3) . Thecorrelation between the two soluble N fractions was 0.65**. Substantial differ- ences existed in the solubility of N in the two solvents. The nitrogen extracted from feedstuffs with salt solutions can be divided into protein nitrogen and nonprotein nitrogen (NPN) fractions. The NPN usually is characterized as free amino acids, nitrates, ammonia, and urea in some feedstuffs (Crooker et al. 1978) . Solubility for the protein and nonprotein fractions in crested wheatgrass could differ between the two solvents. Although most nonprotein nitrogen sources in feedstuffs are readily soluble, solubility of the protein fraction is affected by several factors. These include degree of agitation, length of extraction time, temperature of extraction, pH, chemical composition, and ionic strength of the solvent (Lehninger 1970) . The BMM solution is a mixture of at least I2 different minerals some of which could interfere with solubility of N compounds, whereas the 0.15 N NaCl solution is isotonic with body fluid and has less minerals to interfere with solubility of N compounds.
Fibrous fractions
Differences among species means were significant for ADF (KO.Ol), ADL (X0.01). and NDF (KO.05) ( Table 2) . Clones within species differed significantly (X0.01) in all three instances, suggesting again that genetic variability is available for improving the forage quality of crested wheatgrass.
Total N and soluble N were negatively correlated with NDF, ADF, and ADL (Table 3 ). The correlations among the nitrogenous fractions were positive and significant. The positive and significant correlations between NDF and ADF (r=O.55) and between ADF and ADL (r=0.53) were probably associated with common variables as cellulose, hemicellulose, and lignin. The low correlation between NDF and ADL (r=0.20) confirmed that NDF was not as closely related to ADL as was ADF.
IR Predictions and Correlations
Nitrogenous Fractions
The respective correlations between IR and chemically determined values for total N of the 84 calibration samples and the 30 unknowns using 3 wavelengths were 0.95 and 0.98 (Table 4 and 5). The IR predictions on the unknowns gave even more precise estimations of total N than were obtained for the 84 samples. The high correlations agree with protein values reported by several workers (Hymowitz et al. 1974; Norris et al. 1976; Shenk et al. 1979) . The failure of the correlation to improve from 3 to 8 wavelengths indicated that the use of more than 3 wavelengths for protein would not be warranted. Shenk et al. (1977) suggested that the use of too many or too few wavelengths would produce an overfit of the prediction equation resulting in a high standard error prediction (SEP) in the calibration equation. The correlation (r=O.90) for N Sal using 5 wavelengths was substantially higher than for NBMM (~0.70). The predicted means and SEDs were 0.39 and 0.032 for N Sal and 0.32 and 0.068 for NBMM (Table 4 ). The prediction of N Sal in the unknown samples was satisfactory and was similar to the calibration data (rzO.90). On the other hand, there was too much variation between the duplicate determinations of NBMM. This variation contributed to the low r value. Therefore, the prediction of NBMM would not be reliable and was not tested against unknowns. Crooker et al. (1978) detected several feed-solvent interactions during soluble N extractions showing that ionic species contained the solvent affected the nitrogen extractions. The 0.15N NaCl solution is much less complex in terms of ionic species than the IO% BMM solution. Crooker et al. (1978) , comparing the correlations between soluble N in 3 mineral solvents [NaCl, BMM, and McDougal's Artificial Saliva (MAS)] and soluble N from autoclaved rumen fluid (ARF), found the highest correlation (r~O.80) with NaCl, while BMM and MAS were lower (~0.21 and 0.06). Correlations between NaCl and ARF tended to increase for up to 4 hours, than dropped off after 6 hours extraction.
A 2-hour extraction time was used for both solvents to compare the results on the crested wheatgrass in this study. If the NaCl extraction had been extended to 4 hours, chemical data might have been improved as indicated by Crooker et al. (1978) thus increasing correlation between IR and chemical data. Sullivan (1969) suggested that differences exist between forages and concentrates in the amount of nitrogen extracted by the solvents, primarily due to the different types of nitrogen they contain. There is a relatively high proportion of NPN in fermented forages and these N sources are soluble in salt solutions. The N content of concentrates, however, is composed primarily of proteins whose solubility can be affected by several factors such as protein sources and processing.
respectively. These data showed lower correlations and higher SEDs than previous reports (Norris et al. 1976 , Shenk et al. 1979 . Although the correlations between IR predicted and chemically determined values of the fibrous fractions appeared low, the IR prediction of the unknown samples provided satisfactory results (Table 5 ). These results demonstrate that a low correlation does not necessarily mean a poor prediction, especially in the cases of ADF and ADL for these crested wheatgrass samples. The lower correlations for ADF and ADL might be caused by: (1) the narrow ranges of variation among samples (2) possible errors in laboratory procedures, (3) possible changes in IR spectra due to interaction of other chemical entities.
Chemical and IR predicted values of N Sal were very different for 2 samples. The chemically redetermined values were much closer to these predicted than were the original chemical values. (Table 5 ).
Differences in ADF and ADL fractions in the chemical analyses depend on the type of feeds, species of plants, composition of cell wall constituents, and variations of protein or carbohydrate artifacts during digestion. Some plants have relatively high levels of acid insoluble ash, cutin, lignocellulose, hemicellulose and pectic materials, which may differentiate or alter the IR spectra. Furthermore, Shenk et al. (1979) indicated that even if the analytical method for measuring cell wall constituents is well defined (cellulose, hemicellulose and lignin), this may not be completely representative of the actual cell wall in plant tissue as measured by IR.
Fibrous Fractions
Comparison of IR data among NDF, ADF, and ADL for the 84 calibration samples using 5 and 8 wavelengths shown are in Table  4 . The r values at 5 wavelengths were 0.90,0.82, and 0.72, and the SED values were 1.29, 1.52, and 0.58 for NDF, ADF, and ADL, The NDF, ADF, and ADL are indirect indices of feed digestibility. If a feed contains a high amount of lignin, its digestibility is considerably reduced. Sullivan (1964) showed that grasses exceeded legumes in apparent digestibilities of total dry matter and fiber fractions such as crude fiber, true cellulose, alcohol-insoluble matter and nonprotein alcohol insoluble matter. Van Soest and Marcus (1964) have also'observed distinct differences of fiber digestibility between grasses and legumes. They included empirical fiber fractions of hemicellulose, cellulose, NDF, ADF, crude fiber. It is suggested that chemical and digestibility differences between grasses and legumes are great enough to significantly reduce the accuracy of equations for predicting forage digestibility with a single IR equation.
The predictability of NDF in the unknown samples was highest among the three fibrous fractions.
It was interesting that the r values for the unknown samples were continuously increased from 0.88 to 0.96 as the number of wavelengths were increased to 8. This outcome indicates that the use of higher numbers of wavelengths may not create an over-fitting effect in certain cases, which is in contrast to the report of Shenk et al. (1977) . Goering and Van Soest (1970) suggested that the neutral detergent procedure for cell walls can divide the dry matter of feeds near the point that separates the nutritively available and soluble constituents from those which are incompletely available or dependent on microbial fermentation.
Hence the IR predictions of NDF in crested wheatgrass have a good potential for estimating nutritive value. When unknown samples having chemical values that were markedly different from IR predicted ones were re-analyzed, the newly determined values were much closer to the predicted ones, as seen in the case of N Sal.
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